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Introduction

The California Independent System Operator (CAISO)-Pacificorp Energy Imbalance Market (EIM) Straw
Proposal (CAISO, 2013) includes a description of a model and protocol for incorporating the California
Air Resources Board (CARB) carbon restrictions in the EIM economic dispatch. This is an innovation in
electricity dispatch models. The purpose of the present note is to characterize some of the model features
and associated pricing implications.

Dispatch Framework

The basic model includes two zones for CARB carbon restrictions, described here as | and 1l. Zone |
corresponds to the in California generators covered by CARB. Zone Il corresponds to those outside of
CARB jurisdiction but inside the Energy Imbalance Market operated by the CAISO.

In zone 1 there is an implicit assumption that generators must obtain emission credits to match their
carbon output. The generators in Zone | face a market price for these permits, and this cost of permits is
assumed to be included in their energy offers. There is no explicit representation of emissions in zone |
and no assumptions regarding the location at which the power generated in Zone | is consumed.

The treatment of generators in zone 1l is different. Generators participating in the EIM and located in this
zone will provide data on their respective emission rates to the CAISO. There is an assumed market
price of permits that is used by the CAISO in its proposed EIM economic dispatch. The offers that
generators make in the imbalance market do not include the emission cost as part of their energy offer.
The emission cost is accounted for separately by the CAISO. In addition to the generation (g) and load
(d) in zone 11, there is a set of variables that are the deemed exports (E) from generators in zone Il to load
in zone | (if any). The deemed exports are calculated by generator, but are not differentiated by
destination within Zone I. The individual export costs are for the emission factor (e) for each generator

priced at the assumed market price of permits (C. (E, )=P.e, E, ). The individual exports must be

less than the generation for the corresponding generator. The total exports from zone Il must be equal to
the net transfers (-y) from zone Il to zone I, or zero if there are no positive transfers.

The straw proposal lays out the basics of the model. The following slight generalization is equivalent but
allows for more complicated transmission constraints for energy while retaining the two zones for the
asymmetric treatment of emissions. The sign conventions are selected so that the normal values of the
dual variables would be non-negative.
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To analyze the price impacts set up the Lagrangian:
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For an interior solution the prices must satisfy:
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Py =VC,(9,)-n+VC.(E,). Inotherwords, p, +7i=VC, (g,)+VC.(E,).

The locational prices p,, p, reflect the asymmetry in the CARB implementation as proposed for the

CAISO EIM. From the perspective of load and generation within zone I, the LMP prices satisfy the usual
relationship, and equal both the marginal benefit of load and the marginal cost of generation at each

location.

The situation is different in zone Il. Everything looks the same for load in zone 11, where the LMP equals
the marginal benefit of meeting load. But for the generators in zone Il, the energy prices can differ from
their marginal energy costs to incorporate the effect of the marginal cost of emissions exports. Hence, the
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energy price paid to generators is their marginal cost less the system marginal cost of emissions (77) plus
the generator’s marginal cost of emissions (VC. (EII )). In other words, the locational energy price plus

the system marginal opportunity value of carbon associated with exports equals the marginal generation
cost plus the marginal carbon costs for exports for each generator.

The straw man protocol recognizes that the energy prices will produce two types of “transmission” rents.
The first is the usual congestion rent, which should flow to transmission owners and holders of Financial
Transmission Rights (FTRs) as in the standard model. The second rent is an emission rent which will

equal 77itEI| . The proposal is that this revenue should be returned to the zone Il generators in proportion
to their individual exports (77E,, ). The net effect is that the energy plus export reimbursement payments

would guarantee that the net operating profits of the zone Il generator would be (abusing the notation to
mean at each location in Il):

Ana, +nE, -C, (gn )_CE (E“)Z(VC" (gu )_77i+VCE (Eu ))qu +nk, -C, (gu )_CE (E”)ZO.

The inequality guaranteeing non-negative operating profits assumes the cost functions are convex. And at
the marginal the zone Il generator is indifferent between both incremental generation and incremental
export.

The straw proposal includes three numerical examples to illustrate these dispatch and pricing outcomes.
(Spreadsheet dc21eim.xls contains an implementation which reproduces these results).

Summary

The basic proposal is internally consistent and would not upset either incentives at the margin or
treatment of related FTRs. It would mean that bilateral schedules from zone 11 to zone | would have to
identify their emissions rate in order to be compensated for the charges in the energy market as well as
purchasing the emission permits.

In effect, the straw proposal makes the problem of deciding on the deemed energy exports simple by
incorporating and optimizing this decision in the EIM model. This could be seen as efficient resource
shuffling.
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